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Field of the Invention 

[0001] The invention relates to a gas turbine set with a cooling air system 
through which at least one cooling air mass flow flows from a compressor to 
thermally highly loaded components of the gas turbine set. 

Background of the Invention 

[0002] In parallel with the requirements on the performance and efficiency 
factor of gas turbine sets, there are increased requirements on the cooling of the 
machine components subject to high thermal loads on the one hand, and on the 
design of the cooling system on the other hand. Thus sufficient cooling has to be 
ensured in the interests of operating safety. On the other hand, the cooling air 
consumption has to be limited as far as possible. It was proposed in EP 62932 to 
cool the components of a gas turbine with steam in a closed circuit. This requires 
a comparatively expensive sealing of the components conducting the cooling 
steam. A purely convective cooling of the components takes place at the same 
time; the effect of a cooling film for reducing heat entry is hereby dispensed with. 
In a number of further documents, such as EP 684 369 or EP 995 891 and U.S. 
Patent 6,161,385 corresponding thereto, it is proposed to use steam or a steam-air 
mixture for the cooling of film-cooled components. However, such methods 
consume comparatively large amounts of steam, which has to fulfill high 



requirements on purity and superheating so that blockage of the film cooling 
bores, often only a few tenths of a millimeter wide, does not occur. Even if the 
required steam quantity and quality are available, cooling of the gas turbine set 
with steam, instead of with compressor bleed air, is not inherently more reliable. 
[0003] Consequently, cooling with compressor bleed air has as usual a series of 
well-founded advantages, the amount of cooling air withdrawn being minimized in 
the interest of the working process. Consequently, the cooling air system is 
designed always closer to the limits, in order to ensure sufficient cooling in the — 
from the cooling technology viewpoint — unfavorable operating point, while not 
using more cooling air than absolutely necessary. This means, on the one hand, a 
high sensitivity to deviations of the working process from the design point of the 
cooling, if, for example, the amounts of cooling air vary due to displacements of 
the pressure ratios in a machine. On the other hand, an overcooling of the 
thermally stressed components results in a series of other operating points, so that 
the performance and efficiency factor potentials remain unexploited. 
[0004] It was therefore occasionally proposed, for example, in EP 1 028 230, to 
arrange variable throttle points in the cooling air path. DE 199 07 907 proposes 
direct adjustment of the initial pressure of the cooling air by means of adjustable 
compressor blade rows which are arranged immediately neighboring a bleed point 
for cooling air. Although the implementation of this measure is promising, it is, 
of course, very expensive, and scarcely suited just for a retro-fitting of existing 



gas turbine sets. Besides, the building of movable parts into the cooling air 
system holds the latent danger of blockage of the cooling air ducts on failure of 
mechanical components. 

[0005] A further relevant question is the feed of cooling air to structures in the 
region of the combustor or to the front side of the first guide blade row of a 
turbine. While it is sought to minimize the pressure loss of the working medium, 
and thus to keep the pressure at the turbine inlet as close as possible to the 
compressor end pressure, a sufficient cooling air mass flow has to pass through 
narrow cooling air channels and cooling bores. This of course requires a 
corresponding pressure drop over the cooling air system, so that the initial 
pressure of the cooling air system also cannot be higher than the compressor end 
pressure. Thus also in this regard only an appropriate, but not finally completely 
satisfactory, compromise can be found between the performance and efficiency 
factor data of a gas turbine set, on the one hand, and ensuring that there is 
sufficient cooling. 

Summary of the Invention 

[0006] The present invention has as its object to avoid the disadvantages of the 
state of the art, in a gas turbine set of the kind named at the beginning. 



[0007] The core of the invention is thus to provide, in an air-cooled gas turbine 
set, means for increasing the total pressure in the channels which conduct cooling 
air, and thus to vary the cooling air mass flow at a given cooling air bleed 
pressure and counter-pressure. 

[0008] In a preferred embodiment of the invention, ejectors operable with a 
working fluid are arranged in the cooling air channels. 

[0009] In this maimer, the unavoidable cooling air pressure losses in cooling the 
combustor and the first rows of turbine blades can be compensated, at least to an 
important degree. A further concept on which the invention is based is to increase 
the total initial pressure of the cooling air in strongly throttled cooling air ducts, 
the fihn cooling bores also representing throttle points in the proper sense. A 
further option of embodying the invention is to dispense with an internal throttling 
and mass flow adjustment of the cooling air, as is often implemented in the form 
of diaphragms built into the cooling air ducts, and instead to carry out the cooling 
air bleed from the compressor at low pressure, and to set the necessary total initial 
pressure by a pressure increase in the cooling air channels. Furthermore, the 
invention is particularly suitable in order to vary the cooling air mass flow during 
operation, preferably in dependence on suitable process parameters. For example, 
this is possible comparatively easily in the embodiment in which the ejectors are 
used as means to increase the pressure, in that the intervention is only on the small 
working fluid mass flow instead of the total cooling air mass flow. 



[0010] Besides the advantage of not having to adjust the whole cooling air mass 
flow, and thus also not having to intervene directly in the main cooling system, an 
existing gas turbine set is comparatively easy to retrofit to the state according to 
the invention, in comparison with, for example, variable throttle points in the 
main cooling air system. 

[0011] As working fluid for the ejector or the ejectors, a working air mass flow 
of higher pressure than that of the driven cooling air mass flow is particularly 
suitable, for example. This can be derived from an externally arranged 
compressor, but can also particularly appropriately be an air mass flow branched 
off from a higher pressure compressor stage. 

[0012] Furthermore, a steam mass flow is also very suitable as the working 
fluid, preferably being correspondingly superheated. Condensation in the cooling 
air duct is thus avoidable in all circumstances. In contrast to the supply of steam 
as the working medium, either for purely steam cooling or for steam-air hybrid 
cooling, it is an advantage that the qualitatively high- value and highly pure steam 
is required in only comparatively small amounts. The embodiment is 
advantageous if the gas turbine set is provided with a waste heat steam generator 
for operation in a combined plant or for the recovery of process steam. 
Furthermore, there can appropriately also be used as the working fluid, steam 
which was produced in a cooling air cooler, as in DE 100 41 413, or in a 
compressor intermediate cooler, as in EP 516 995. 



[0013] The cooling system, in an appropriate design, is furthermore still 
inherently safer, since a minimum of cooling air flow is still ensured, even when 
there is a complete failure of the working fluid supply, in particular of a steam 
supply. In all, it remains to be established in this connection that the mass flow of 
the working fluid is in general less than 20%, preferably less than 10%, in 
particular even less than 5% of the driven cooling air mass flow, so that the 
working fluid has per se no significant effect as a coolant. 
[0014] As already mentioned, means are arranged in a preferred embodiment 
for adjusting the working medium flow in its feed line to an ejector. The 
invention is particularly suitable in connection with a gas turbine set which is 
provided with cooling systems of different pressure stages, for example, a high 
pressure cooling system and a low pressure cooling system, the high pressure 
cooling system being supplied from a compressor end stage and the low pressure 
system being supplied from an intermediate compressor stage. In such a case, a 
preferred embodiment is to arrange in the low pressure system, ejectors which are 
driven with a working fluid branched off from the high pressure cooling system. 
This is found to be particularly advantageous if the pressure buildup in the 
compressor is displaced, which is particularly the case when a cooling takes place 
during the compression, for example, in the case of a cooling system in the 
compressor. 



[0015] The embodiment of a gas turbine set according to the invention is 
particularly advantageous if a gas turbine set with sequential combustion is 
concerned, a first combustor and a first turbine being cooled by a high pressure 
cooling system, and a second combustor and a second turbine being cooled by a 
cooling system of a lower pressure stage. 

Brief Description of the Dravyings 

[0016] The invention is described in detail hereinbelow with reference to 
examples illustrated in the accompanying drawing. Figs. 1 and 2 show two 
possible and advantageous embodiments of the invention, which are to be 
understood as in no way definitive for the possible embodiments of the invention 
characterized in the claims. Unnecessary details have been omitted for a clearer 
understanding of the invention. 

[0017] The embodiment examples and Figures are to be understood as only 
informative, and are not in any way to serve as a limitation of the invention 
characterized in the claims. 

Detailed Description of the Invention 

[0018] In the example shown in Fig. 1, a gas turbine set integrated into a 
combination plant is shown, according to an embodiment of the invention. A 
compressor 1 compresses air to a pressure and delivers this into a combustor 2. A 



fiiel is burned in the compressed air in the combustor. The resulting hot flue 
gases flow through a turbine 3, where they provide power to drive the compressor 
and an external shaft power user such as a generator 4. The expanded flue gases, 
which are still at a high temperature, pass through a waste heat steam generator 5 
and heat and there evaporate a feedwater mass flow, flowing over heating surfaces 
of a heat exchanger 51 there, before they flow out into the atmosphere via a 
chinmey 6. On the steam side, a feed pump 7 delivers a water mass flow from a 
container 8 into the heat exchanger 51, where this water evaporates and the 
resulting steam is superheated. Live steam 9 flows to a double-pass steam turbine 
10, where the steam is expanded. The steam turbine drives a generator 11. The 
expanded steam 12 flows into a condenser 13. The condensed water is delivered 
back to the container 8 by a condensate pump 14. The container 8 furthermore 
has a feed duct for makeup water 15, to compensate for any losses. The makeup 
water supply can be adjusted by an adjusting element 16. This steam circuit is 
shown very simplified; a skilled person knows the possible embodiments, which 
are however not relevant to the invention in detail. The combustor 2 and the 
.turbine 3 of the gas turbine set are exposed to high thermal loads. The gas turbine 
set is therefore provided with a cooling system 17 by means of which cooling air 
flows from the end stages of the compressor to the thermally highly loaded 
components of the gas turbine set. The cooling system 17 branches into a first 
branch 18 through which the combustor and the first turbine guide row or the first 



turbine stage are cooled, and a second branch 19 through which cooling air flows 
to the second and possibly the third stage of the turbine 3. In the second branch 
19, the pressure drop over the cooling air system is large enough to ensure a 
sufficient cooling air mass flow. An ejector 20 is arranged in the first branch 18. 
A partial flow of the live steam 9 can be conducted via an adjusting member 21 to 
the ejector as working fluid. This flows out at high speed through a nozzle, which 
is arranged in about the narrowest cross section of a convergent-divergent flow 
cross section of the cooling air duct. A total pressure increase of the cooling air 
occurs downstream of the ejector, so that the cooling air mass flow in the first 
branch 18 is increased. This embodiment of the invention can be implemented 
without the large apparatus cost of a combined circuit, in that only a small, simple 
steam generator is built into the exhaust gas section of a gas turbine. Percentage 
of the cooling air mass flow, for example 2% to 5%. Since the required pressures 
of the working steam are not too high, a sufficient superheating of the steam can 
be attained even at quite a low steam temperature. The invention can therefore be 
implemented if, as proposed in DE 100 41 413, cooling air coolers are embodied 
as steam generators, or if, as EP 515 995 proposes, the heat to be removed is used 
for steam production in an intermediate cooler of the compressor. In particular, 
on integration into a combined plant, it is not at all necessary to use live steam as 
the working fluid for the working nozzle of the ejector; bleed steam of a suitable 
temperature and suitable pressure can also be used here. 
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[0019] Fig, 2 shows a gas turbine set of the most modern construction, with 
sequential combustion. Such a gas turbine set is known from EP 620 362. A 
compressor 1 compresses and delivers air at a high pressure into a first combustor 
2a, in which the first amount of fuel is burned. The compressed flue gas is 
partially expanded in a first turbine, high pressure turbine 3a, a pressure ratio of 
1.5-2 being typically reached, and flows with still higher temperature and high 
pressure into a second combustor 2b. The oxygen content in the flue gas after the 
first combustor is always still comparatively high, typically 15%-17%. Additional 
fuel can therefore be readily introduced into the second combustor 2b and burned. 
The after-heated hot gas is expanded in a turbine 3b almost to ambient pressure, 
and flows out into the exhaust gas section 6. A waste heat steam generator (not 
shown) can readily be situated here; gas turbine sets with sequential combustion 
are in principle quite particularly suitable for applications in combined plants. On 
expansion in the turbines 3a and 3b, the flue gases give up power which serves to 
drive the compressor 1 and a generator 4. On the basis of the high pressure ratio 
implemented in such a gas turbine set, the cooling system is embodied in two 
parts, with a high pressure cooling system 23 and a low pressure cooling system 
24. The high pressure cooling system branches air from the compressor outlet 
and uses it for cooling the first combustor 2a and the high pressure turbine 3a. 
The low pressure cooling system 24 branches air from an intermediate compressor 
stage, and uses it for cooling the second combustor 2b and the low pressure 
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turbine 3b. The division of the cooling system into two portions makes it possible 
to supply the high pressure portion of the hot gas path with cooling air at high 
pressure, and thereby to avoid strong throttling, with attendant losses, of the high 
pressure cooling air for cooling the low pressure section of the hot gas path. A 
cooling system with more than two pressure stages can of course also be 
implemented in principle. The compressor 1 is divided into a first partial 
compressor la and a second partial compressor lb, between which an intermediate 
cooler Ic is arranged. By the operation of the intermediate cooler Ic, the power 
needed to drive the compressor is reduced, so that the efficiency factor and the 
effective work of the gas turbine set rise. This effect can also be attained by water 
injection into the compressor or a supersaturation of the intake air with moisture, 
effecting an intensive internal cooling of the compressor due to the evaporation of 
this moisture. The cooling of the air in the compressor has yet another effect: as a 
skilled person determines by a simple consideration of stage kinematics, when 
operating with an intermediate cooling in the compressor, the pressure buildup is 
shifted into the rear compressor stages. While the relative pressure buildup over 
the turbine stages remains to a good approximation unchanged, the pressure 
buildup in the compressor stages is clearly displaced into the second partial 
compressor lb. From this there results a clear reduction of the working pressure 
difference over the low pressure cooling system 24, and thence a reduction of the 
low pressure cooling air mass flow. If the low pressure cooling system 24 is 
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dimensioned such that the cooling air mass flow is sufficient during operation with 
cooling in the compressor, this leads during operation without compressor cooling 
to a clear over-cooling of the low pressure hot gas path, that is, the units 2b and 
3b, with negative consequences for performance and efficiency factor. Therefore, 
according to the invention, an ejector 20 is arranged in the low pressure cooling 
system, with its ejector nozzle 22 connected to the high pressure cooling system 
via an adjusting member 21. In a first operating region, without compressor 
cooling, the adjusting member 21 is closed or only a little opened; the low 
pressure cooling system is then set up for a just sufficient cooling air mass flow. 
In operation with compressor cooling, the adjusting member 21 is opened, and the 
high pressure cooling air emerging at high speed from the ejector nozzle changes 
the pressure ratios in the low pressure cooling system such that a sufficient 
cooling air mass flow is ensured. In a known manner, this system even operates 
in a self-regulating manner: to the extent to which the pressure buildup is 
displaced into the second partial compressor lb, the pressure drop available for 
the working fluid flow of the ejector increases, due to which the effect of the drive 
in the low pressure cooling system is automatically supported. With a 
corresponding design of the system it would therefore be conceivable in principle 
to replace the adjusting member 21 by a fixed throttle point for setting the 
throughflow, and to dispense with external interventions on the working fluid 
flow. Similarly to an intermediate cooling, the adjustment of plural guide blade 
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rows can also effect a displacement of the pressure buildup in the compressor, 
which can likewise be compensated in relation to the cooling air mass flows by 
means effecting the use of a pressure increase in the cooling air channels. 
[0020] Furthermore the invention also makes it possible to reduce the amount of 
cooling air to a minimum necessary for operating safety, in dependence on the hot 
gas temperature in the region of the components to be cooled, and to increase it 
correspondingly at high gas turbine load. 

[0021] It goes without saying that a gas turbine set with only one combustor and 
only one turbine can also be equipped with a cooling system as shown above, with 
two or more pressure stages. 

[0022] The invention can easily be combined with other usual measures, such as 
an arrangement of cooling air coolers with which a skilled person will be familiar. 
[0023] The ejector nozzle of the ejector can in particular also be operated 
supercritically, when the initial pressure of the working fluid permits this, such 
that the outflow from the ejector nozzle takes place at supersonic speed. The 
deceleration of the working medium flow then takes place by means of an impact 
system, which with corresponding contouring of the flow channel may contribute 
to a very efficient effect. 

[0024] In principle, other means, such as, for example, a pressure wave 
generator, can find application in a suitable maimer for increasing the pressure of 
the cooling air. 



-14- 

[0025] In the light of the above statements, many possible embodiments of the 
invention characterized in the claims will become apparent to the skilled person. 



